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Wednesday, February 29, 2012 633aTitin is a giant protein responsible for striated-muscle elasticity. It contains a se-
ries of ordered domains and a large disordered segment called the PEVK do-
main. It acts as an entropic spring and is thought to be responsible for the
generation of passive contractile force in muscle. The ordered domains belong
to the immunoglobulin (Ig) type C2 and fibronectin (FN) type III superfamilies.
We expressed a 171-residue-long fragment of the PEVK domain (polyE) and
an Ig domain (I27) in BL21 derivative E.coli Rosetta competent strains.
FTIR spectroscopy combined with a diamond anvil cell was used as a non-
perturbing method for investigating the secondary structures of these recombi-
nant proteins. Fluorescence spectra of I27 were also recorded.
PolyE preserves its disordered characteristics across a wide range of pressure
(0-16 kbar), temperature (0-100 C), pD (3-10.5) and in presence of several
cosolvents. Upon pressure treatment, titin I27 unfolds at 10.7 kbar at 30 C.
As the function of temperature we observed two transitions. At 50 C the sec-
ondary structure is loosened, and the protein transforms into a molten-globule
state. At 70 C the protein completely unfolds. Unfolding is followed by ag-
gregation at ambient pressure. Moderate pressures (>2 kbar), however, can
prevent the protein from aggregation. We determined the detailed
temperature-pressure phase diagram of titin I27, which contains metastable re-
gions as well.
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The nuclear factor kappa B (NF-kB) family of transcription factors is involved
in inter- and intracellular signaling, cellular stress response, growth, survival,
and apoptosis. Specific inhibitors of NF-kB transcription including IkBa,
IkBb, and IkBε, block the transcriptional activity of p65 and c-Rel-containing
NF-kB dimers. DNA binding by NF-kB is inhibited by the ankyrin repeat pro-
tein kappa B (IkBa), which sequesters NF-kB to the cytosol. The mechanism
and kinetics of DNA binding inhibition by IkBa are still unknown, but we re-
cently demonstrated that IkBa enhances the dissociation of NF-kB from DNA
transcription sites. We are investigating the effect of IkBa on the association
and dissociation rates of the NF-kB/DNA complex using titration measure-
ments, stopped- flow fluorescence and Isothermal Titration Calorimetry
(ITC). We are using pyrene labeled DNA, and IkBa Tryptophan fluorescence
to study the fluorescence changes occurring during the enhanced dissociation
process. Our results show that IkBa increases the dissociation rate of the
DNA from the NF-kB complex in a concentration-dependent manner and
with high efficiency. We repeated the experiments using a different mutant
of IkBa, C186P/A220P (CPAP). We studied also the formation and dissocia-
tion of a forward- and a backwards-ternary complex between, IkBa-NFkB-
DNA using pyrene labeled DNA, and IkBa Tryptophan fluorescence. The rates
of association and dissociation of DNA, IkBa and CPAP to form the ternary
complexes were also compared to interpret the kinetics of the enhanced disso-
ciation process.
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Several studies reported functional down-regulation of the anti-apoptotic pro-
tein BCL-xL as a consequence of phosphorylation or deamidation of amino
acids within its large intrinsically disordered loop. We meant to elucidate these
poorly understood mechanisms of apoptotic regulation, and at the same time
develop a case study of functional interplay between folded and disordered seg-
ments within the same protein. We present here preliminary results towards
a structural and mechanistic understanding of these phenomena. Our studies
suggest that the post translational modification of its intrinsically disordered
loop may trigger conformational rearrangements in the folded core of BCL-
xL that decrease its affinity for BH3-only protein partners.
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Interaction between two structured proteins requires both complementary to-
pologies to generate a sufficient interface and surface groups capable of form-ing bonds within this interface to stabilize the complex. When one (or both)
partners is intrinsically disordered as a monomer, but folds upon interaction,
the same rules for partner selection - complementary topology and surface
chemistry - are expected to apply. However, many proteins do not fold
even when forming stable protein interactions, creating ‘‘fuzzy’’ protein com-
plexes. In these cases, the extreme instability of one partner may preclude
forming a well-defined interface. Despite the apparent lack of constraints,
these proteins specifically and reliably select the correct protein partners in
vivo. To understand the rules that determine partner selection when forming
fuzzy complexes, we have evaluated protein interactions formed by the Dro-
sophila melanogaster Hox transcription factor Ultrabithorax (Ubx). Ubx inter-
acts in vitro with 29 other proteins. All of these interactions require the
intrinsically disordered regions within Ubx. Surprisingly, despite the extreme
lack of structure within these regions, Ubx appears to select protein interac-
tions by topology: 22 of the 29 partners include one of five protein folds
out of the nearly 1200 folds listed in SCOP. These data suggest that topology
remains a constraint even in fuzzy complexes. Although some Ubx partners
bind equally well to both large intrinsically disordered regions within Ubx,
many partners clearly prefer binding to the disordered alternatively spliced
microexons. Partners preferring the microexon region bind various Ubx splic-
ing isoforms differentially. Consequently, surface chemistry is likely impor-
tant for these interactions. Together, our data suggests that both topology
and surface chemistry are key criteria for partner selection, even in fuzzy
complexes.
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Amyloidogenic neurodegenerative diseases are incurable conditions caused by
specific largely disordered proteins. However, the underlying molecular mech-
anism remains elusive. A favored hypothesis postulates that a critical confor-
mational change in the monomer (an ideal therapeutic target) in these
‘‘neurotoxic proteins’’ triggers the pathogenic cascade. Using force spectros-
copy with unequivocal single-molecule identification we demonstrate a rich
conformational polymorphism at their monomer level. This polymorphism
strongly correlates with amyloidogenesis and neurotoxicity: it is absent in
a fibrillization-incompetent mutant, favored by familial-disease mutations
and diminished by a surprisingly promiscuous inhibitor of the monomeric
b-conformational change and neurodegeneration. The demonstrated ability to
inhibit the conformational heterogeneity of these proteins by a single pharma-
cological agent reveals common features in the monomer and suggests a com-
mon pathway to diagnose, prevent, halt or reverse multiple neurodegenerative
diseases.
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The realization that transient population of partially unfolded conformations
precedes the toxic aggregation of several amyloidogenic proteins has raised
major interest in the design of compounds that could prevent protein misfold-
ing. Long-range tertiary contacts offer a unique opportunity for the imple-
mentation of structure-based drug discovery strategies to find inhibitors of
pathological protein aggregation. Representation of such transient contacts
has, however, traditionally invoked the generation of low resolution and
highly heterogeneous ensembles of structures that are impractical for in silico
use. Here we show that it is possible to determine a single structural fold that
describes at high resolution all tertiary contacts transiently established by the
intrinsically disordered protein (IDP) a-synuclein under low and high amy-
loidogenic conditions. To generate the models we use paramagnetic relaxa-
tion enhancement (PRE) data as it directly probes transiently formed
tertiary contacts, while being insensitive to other ensemble descriptors,
such as size distribution, which are of little interest in docking studies. In
our calculation strategy we refuse to comprehensively describe the conforma-
tional ensemble of the IDP (i.e. fulfilling average size and size distributions)
634a Wednesday, February 29, 2012in favor of maximizing the resolution in the description of the contacts inter-
face. This high resolution structural representation shows that long-range
contacts in a-synuclein result from interactions of residues with high average
area buried upon folding and prominent tendency to aggregate in b-sheet
structure. Our structural representation strategy condenses the tertiary con-
tacts in a single fold, and as such, it has the potential to considerably accel-
erate rational drug discovery with amyloidogenic proteins and other disease-
related IDPs.
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The human pathogen Chlamydia trachomatis, and all species within the Chla-
mydiaceae bacterial family, are prokaryotic obligate intracellular parasites.
Their host cell internalisation mechanism is well conserved and includes
a type-III secreted effector termed Tarp (Translocated actin recruiting pro-
tein). Once within the host cell, Tarp is able to nucleate actin filaments and
induce a phagocytosis-like Chlamydial encapsulation. While most of Tarp
is predicted to be intrinsically disordered, the minimal actin binding sequence
from Tarp (100 residues long) contains a short helix which shows homology
with the actin binding WH2 motif from WAVE2, maintaining 9 conserved
residues across a 15-residue stretch. Using nuclear magnetic resonance
(NMR) spectroscopy and the minimal actin binding region, we have deter-
mined the residues affected by the Tarp:actin interaction. X-ray structures
of other WH2:actin complexes show a short helix binding within the actin hy-
drophobic cleft and a region of 15-20 extended residues lying along the actin
surface. Despite limited sequence homology it is therefore possible that Tarp
is binding actin with similar helical and extended elements. Based upon the
affected residues of the 100 residue fragment, an 83 residue mutant has
been synthesised which still contains the residues affected upon the Tarp:actin
interaction. Data from NMR studies of this minimised Tarp fragment shows it
is also able to bind G-actin in vitro. Furthermore, NMR spectra of both Tarp
fragments alone indicates that in solution they exists as disordered polypep-
tides. T1 and heteronuclear {
1H-15N} NOE relaxation studies of the fragments
suggest that a region of decreased dynamics exists which corresponds to the
WH2-like helix.
3217-Pos Board B78
Targeted Killing of Escherichia Coli by an Unfolded Protein
Christopher L. Johnson, Robert J. Pengelly, Helen Ridley,
Jeremy H. Lakey.
Newcastle University, Newcastle, United Kingdom.
The appearance of antibiotic resistant and novel pathogenic strains of E. coli
emphasises the continuing need for new antibacterial treatments. Many small
proteins exist in nature that kill bacteria by disrupting their membranes but,
since human and bacterial lipid bilayers are similar, it is difficult to avoid tox-
icity to the patient. We study Colicin N (ColN), a ~ 400 residue globular protein
which contains a short unfolded N-terminal domain. The folded region binds to
bacteria and kills by forming pores in the inner bacterial membrane. The un-
folded N-terminal 90 amino acids (ColN-T) were thought simply to help trans-
locate the toxic domain to the inner-membrane. Here we report the unexpected
finding that, in isolation, ColN-T is bactericidal and, although less efficient than
ColN, is strictly dependent upon the same receptor proteins, OmpF and TolA.
The binding sites for these occupy either end of the linear polypeptide. Also
like ColN, ColN-T induces Kþ leakage across the inner-membrane. However,
unlike most antimicrobial peptides, ColN-T does not disrupt, nor bind to, model
lipid bilayers. These data imply that, uniquely, it can induce E. coli killing by
OmpF/TolA interactions alone. Since these receptors are only found in E. coli-
like bacteria, ColN-T displays the unusual combination of a generic killing
mechanism coupled with extreme specificity. As a result, we believe that this
unstructured polypeptide antibiotic could point the way to wholly new targets
in antibacterial therapy.
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In order to investigate the effect intrinsic disorder has on catalytic activity and
enzyme-substrate promiscuity, we chose to study one N- , one C- and one N-and C-terminally truncated variant of Staphylococcal nuclease (SNase). SNase
is a 149amino acid 3’ endo-exonuclease that is stable, refolds, and retains 75%
of native activity in 5M Urea (Jackson and Chalkley, 1975).
As SNase is well characterized biophysically and biochemically, comparative
analyses of the effects of truncations on stability and catalytic activity, is
feasible.
By interfering with tertiary structure (N-terminal truncation), secondary struc-
ture (C-terminal truncation) or both, the degree of intrinsic disorder was altered,
as measured by using circular dichroism, ANS fluorescence and 1D NMR.
Following biophysical analyses, the catalytic activity on natural, and non-
natural substrates was investigated. Using fluorescence spectroscopy with
TAMRA and FAM labeled substrates, we found that the least structured vari-
ant; containing both N-terminal and C-terminal truncated regions, was the most
active enzyme; exhibiting near native activity for the cleavage of an A16-mer.
The order of catalytic efficiency for the substrates was similar between the var-
iants. Nevertheless, introduction of phosphothioate linkages into the A16-mer -
hypothesized to be nuclease resistant - was cleaved more efficiently than a
C10-mer. No measurable activity was found for the two non-natural substrates
chosen (TNA and pRNA).
As intrinsic disorder is hypothesized to increase the number of protein sub-
populations, with changed dynamics and kinetics as a consequence, bulk mea-
surements are suboptimal to truly measure the actual catalytic efficiency. The
results from this study serve as a good primer, enabling the choice of substrates
with suitable turnover rates, for future single molecule FRET analyzes into in-
trinsically disordered SNase.
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Protein phosphorylation is a widely utilized regulatory mechanism in eukary-
otic cells. Interestingly, phosphorylation sites are often found within intrinsi-
cally disordered (ID) regions of proteins. p27Kip1 (p27), an intrinsically
disordered protein (IDP), regulates cell division in eukaryotes through direct in-
teractions with several different cyclin-dependent kinase (Cdk)/cyclin com-
plexes, the master time keepers of cell division. Importantly, the Cdk
regulatory activity of p27 is extensively modulated by phosphorylation, with
unphosphorylated p27 a potent Cdk inhibitor. Here we report that, in the
absence of other modifications, amongst two regulatory tyrosine residues,
Tyr-74 and Tyr-88, only Tyr-88 of p27 is accessible for phosphorylation by
non-receptor tyrosine kinases when bound to Cdk4/cyclin D1. However, phos-
phorylation of Tyr-88 exposes Tyr-74 for phosphorylation. Sequential phos-
phorylation of these two Tyr residues restores significant catalytic activity to
p27-bound Cdk4/cyclin D1. Kinase re-activation occurs because phosphoryla-
tion of both Tyr-74 and Tyr-88 significantly disrupts interactions between p27
and Cdk4. In contrast, phosphorylation of p27 on Tyr-88 alone only slightly
affects interactions with Cdk4/cyclin D1 and fails to restore significant kinase
activity. Activation of Cdk4 is required for entry of cells into the division cycle.
Our results suggest that Tyr-88 and Tyr-74 of p27 serve to integrate mitogenic
signals from several non-receptor tyrosine kinases to activate Cdk4 and drive
cell cycle entry.
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Cell cycle progression is controlled by a series of regulatory proteins, including
members of the cyclin family. Cyclin I (Ccni), a new member of the cyclin fam-
ily, contains a typical cyclin box at the N-terminus. Interestingly, unlike other
members of the cyclin family, the expression of cyclin I remains constant dur-
ing cell cycle progression in post-mitotic tissues. The function of this protein in
the cell remains unknown. In this study, recombinant human cyclin I was
cloned, expressed, purified from inclusion bodies of E. coli, and refolded by
an overcritical refolding process for structure/function analysis. According to
analysis of circular dichroism spectra and differential scanning micro-
calorimetry, we conclude that cyclin I is primarily a helical protein but without
intra-molecular tertiary interactions, the characteristic of an intrinsically disor-
dered protein. Far western blot analysis indicated that cyclin I can directly bind
to p21cip1/waf1. Moreover, isothermal titration calorimetry analysis indicated
that cyclin I and p21 could interact only in the presence of calcium ions. These
